Purpose: The aim of this study was to compare the diagnostic accuracy and sensitivity of gadoxetic acidYenhanced magnetic resonance imaging (MRI) with multiYdetector row computed tomography (MDCT) for the detection of hepatocellular carcinomas (HCCs).
L iver computed tomography (CT) and magnetic resonance imaging (MRI) using an extracellular space (ECS) contrast agent have played a central role in detecting and characterizing hepatocellular carcinoma (HCC). 1Y4 With technical advances in liver imaging modalities and periodic follow-up examinations for those in the high-risk HCC group, atypical small HCCs that are seen as only arterially enhanced nodules are frequently encountered in clinical practice when using ECS agents.
5Y9
When an ECS agent is used alone, this atypical appearance of HCCs is difficult to differentiate from nonneoplastic hypervascular pseudolesions, such as arterioportal shunts. Therein, many cases require an additional liver MRI using a liver-specific agent to accurately characterize these equivocal lesions.
Gadolinium ethoxybenzyl diethylenetriaminepentaacetic acid (gadoxetic acid disodium) is a recently developed dual contrast agent that has combined properties of an ECS agent and a liver-specific agent. 10, 11 Through many clinical trials, this agent has demonstrated satisfactory results in the detection and characterization of hepatic tumors, including HCC. 10Y13 The most promising ability of this liver-specific agent may be the high sensitivity of its hepatocyte phase imaging to detect a small malignant liver tumor. 12, 13 Taking into account the overlapping imaging findings of small HCCs and nonneoplastic hypervascular pseudolesions on dynamic CT or MRI when using an ECS agent, gadoxetic acidYenhanced liver MRI, including hepatocyte phase imaging, could be a promising tool, resolving the limitation of dynamic liver CT or MRI by increasing the accuracy of both HCC detection and characterization. To the best of our knowledge, there has been no study determining the diagnostic accuracy and sensitivity of gadoxetic acidYenhanced MRI for detecting HCC by comparing other liver imaging modalities in the same populations. Because multidetector CT is still the most commonly used imaging modality for HCC workup, we conducted this study to compare the diagnostic accuracies and sensitivities of gadoxetic acidYenhanced MRI and MDCT for the detection of HCC, using alternative-free response receiver operating characteristic (ROC) analysis.
MATERIALS AND METHODS

Patients
We retrospectively reviewed our institutional database for liver MRIs and CTs conducted on patients suspected of having HCC that were performed at our institution, a tertiary referral hospital, between June 2007 and August 2008. We identified 125 patients suspected of having HCC who underwent both a multiphase contrast-enhanced dynamic MDCT and a gadoxetic acidYenhanced liver MRI. Our hospital's institutional review board approved this retrospective study.
Of the 125 patients, only those patients that met the following criteria were included in the study. The criteria included (a) HCCs that had been proven based on histologic proof or image findings of diagnostic procedures including MDCT, MRI, hepatic angiography, and Lipiodol CT; (b) a time interval between MDCT and gadoxetic acidYenhanced MRI shorter than 15 days (range, 3Y11 days; mean interval, 7 days); and (c) a follow-up contrast-enhanced CT or MRI performed at least 6 months later (range, 6Y15 months). Furthermore, patients who had multinodular HCCs (more than 10) were excluded from this study because inclusion of these cases could heavily influence the statistical analysis of this study. Consequently, this study population included 62 patients (50 men and 12 women; age range, 40Y74 years) with 81 HCCs (size range, 0.6Y3.0 cm; mean, 1.5 cm). No study patients had liver masses other than the HCCs, regenerating nodules, and hepatic cysts. Fifty-six patients had liver cirrhosis or chronic hepatitis associated with viral hepatitis B, and 6 remaining patients had viral hepatitis CYinduced liver cirrhosis. Based on the ChildPugh classification, 14 50 patients were classified as child class A; and the 5 remaining patients, as class B.
The final diagnosis for 23 patients (26 HCCs) was confirmed by the pathologic analysis of surgical specimens. Of these 26 HCCs, 22 lesions corresponded to grade I (n = 3) or II (n = 19) according to Edmondson's classification of HCC 15 and the remaining 4 lesions were grade III. For the 39 patients (55 HCCs) who underwent transarterial chemoembolization (n = 53) or radiofrequency ablation (n = 2), the reference standards were based on a consensual interpretation of matched findings for all diagnostic procedures by 2 experienced radiologists. The diagnostic procedures included the following: image-guided biopsy (n = 2), characteristic image findings on 3-phase MDCT and/or MRI (arterial hypervascularization and early washout, as well as arterial hypervascularization plus hyperintensity on superparamagnetic iron oxideYenhanced MRI), 16 persistent dense compact nodular Lipiodol uptake of the lesions detected only on MDCT and MRI, 17 and aggravation (local recurrence) seen at follow-up MDCT or MRI (n = 5).
MultiYDetector Row Computed Tomography
Computed tomography examinations were performed with an MDCT scanner (Sensation 16; Siemens, Forchheim, Germany) with 16 detector rows. Images were acquired throughout the liver in a craniocaudal direction with a 1.5 Â 16-beam collimation. Other scanning parameters were as follows: 150 mAs, 120 kilovolts (peak) [kV(p)], a 1.5-mm detector collimation, a 24-mm per rotation table speed, a 3.0-mm reconstruction interval, and a 0.5-second gantry rotation time.
After acquisition of the unenhanced liver images, a contrast medium with a concentration of 370 mg of iodine per milliliter (Ultravist 370; Schering, Berlin, Germany) was administered using a power injector (multilevel CT; Medrad, Pittsburgh, Pa). The contrast medium was injected at a rate of 3 mL/s through an 18-gauge plastic intravenous catheter placed in an antecubital vein. The volume of contrast medium delivered varied depending on the body weight of each patient (2 mL/kg of body weight); therefore, the total volume of contrast medium administered was 110 to 150 mL (mean [SD], 120 [10] mL). Determination of the scanning delay for arterial phase imaging was achieved using an automatic bolus tracking technique (Siemens). The singlelevel monitoring low-dose scanning (120 kV[p], 20 mA) was initiated 10 seconds after contrast injection. The contrast enhancement was automatically calculated in the ROI cursor placed over the vessel of interest (abdominal aorta), and the level of the trigger threshold was set at an increase of 80 Hounsfield units. Fifteen seconds after the trigger threshold was reached, the arterial phase scanning began automatically. 18 The mean scanning delay for dynamic 3-phase images, including the arterial, portal, and equilibrium phases, were 38, 70, and 180 seconds, respectively, after the start of contrast media injection.
Magnetic Resonance Examination
All MRIs were performed using a 1.5-T superconducting imager (Magnetom Symphony; Siemens, Erlangen, Germany) with a combination of a phased-array body coil and a spine-array coil for signal reception.
A transverse volumetric 3-dimensional fat-suppressed spoiled gradient-echo acquisition (volumetric interpolated breath-hold examination; Siemens) with mSENSE was performed using the following parameters: a repetition timeYecho time of 4.3:2.0, a 12-degree flip angle, a 450-Hz/pixel bandwidth, a matrix of 256 (read) Â 135 (phase) Â 40 to 46 (partition), a 2.5-to 3.0-mm effective slice thickness, and a field of view of 32 to 35 cm. After the unenhanced images were acquired, all patients received a dose of 0.025 mmol/kg of body weight of 0.25-mol/L gadoxetic acid disodium solution (volume range, 8Y10 mL), administered intravenously at a rate of 2 mL/s, and followed by a 20-mL saline flush. Time for the dynamic arterial phase imaging was achieved using the MR fluoroscopic bolus detection technique (CARE Bolus; Siemens). The mean delay times (the time interval between bolus administration and the start of image acquisition) for the arterial, portal, and equilibrium phases were 30, 60, and 180 seconds, respectively. Then, 5 minutes after the injection of the contrast media, a fatsuppressed, respiratory-triggered, T2-weighted, turbo spin-echo sequence was obtained using the following parameters: repetition timeYecho time of 3378:71 to 4620:71, an echo train length of 13, a 150-degree flip angle, a matrix of 144 Â 256, a 6-mm slice thickness, a chemically selective fat suppression, and a mean scan time of 3 minutes for 20 slices. Finally, a hepatocytespecific phase image was acquired 10 and 20 minutes after contrast media was administered.
Imaging Analysis
Image analysis was performed by 2 faculty-level gastrointestinal radiologists with experience interpreting liver CT and MRI during their daily clinical practice. All of the acquired images were reviewed on a 2000 Â 2000 picture archiving and communication systems monitor (Marotech, Seoul, South Korea). The 2 radiologists were unaware of the results of all of the other image findings and the final diagnosis. Two separate sets of images were analyzed in random order, including the MDCT and the gadoxetic acid set (precontrast, arterial, portal, 3-minute delay, and 10-and 20 minute hepatocyte phases of 3-dimensional MR images plus T2-weighted images [T2WI]). To minimize any learning bias, there was a 3-week interval between the blinded interpretations. Because we were not interested in evaluating the absolute detecting sensitivity of the 2 different imaging modalities and wanted to find the discordance features of HCC between MDCT and MRI, a consensus between the 2 reviewers was acquired during image analysis. However, to determine the reproducibility for the diagnostic capability of the gadoxetic acid set, 2 observers independently evaluated the MR images at the first reading session and then jointly evaluated the results until a consensus was reached. Disagreements were minimal and were easily resolved.
The observers recorded the presence and location of the lesions, assigning each lesion a confidence level based on a 4-point scale. The lesions were scored as follows: 0, not visible; 1, lesions that showed only arterial hypervascularization with no delayed capsular enhancement, 19 washout, or T2 hyperintensity (category 4); 2, lesions that showed arterial hypervascularization with suspicious delayed capsular enhancement; 3 for lesions that showed arterial hypervascularization with definitive capsular rim on portal and/or equilibrium phase or suspicious delayed washout; and 4, lesions that showed arterial hypervascularization with definitive delayed washout (including hypointensity on gadoxetic acidYenhanced hepatocyte phase images) and/or hyperintensity on T2WI. In addition, for the lesions that were seen as hypointense (hypoattenuated) during the early dynamic CT and MRI or at the 10-and 20-minute hepatocyte phase MRIs, the lesions were regarded as category 1 if they did not accompany hyperintensity on T2WIs.
Statistical Analysis
Based on the reviews submitted by the 2 observers, alternative-free response ROC curve analysis was performed on a lesion-by-lesion basis. 20 For each imaging set, an alternative-free response ROC curve was fitted to the confidence rating data using a maximum likelihood estimation program (Rockit 0.9B; courtesy of C.E. Metz, University of Chicago, Chicago, Ill, 1998). 21 The diagnostic accuracy of each imaging set and observer was assessed by calculating the area under the alternative-free response ROC curve (Az). The differences between the imaging sets, approximately the mean area under the alternative-free response ROC curves, were statistically analyzed using the 2-tailed Student t test for paired data. The sensitivities of each of the image sets were then calculated. The sensitivity for each set of images was evaluated according to the number of lesions assigned a confidence level of 3 or 4 among the 81 lesions. The sensitivities of both image sets were then compared using the McNemar test. A 2-tailed P G 0.05 was considered a significant difference. To provide a range of plausible sensitivity differences, we also calculated the 95% confidence intervals (CIs). 22 To assess interobserver agreement for the evaluation of the gadoxetic acid set, we calculated the J statistic for multiple observers. 23 
RESULTS
Of the 67 patients, 59 had solitary lesions, 4 had 2 lesions, 3 had 3 lesions, and 1 had a total of 5 lesions. Of 81 lesions, 67 were 20 mm or less in diameter, and the remaining 14 lesions ranged from 21 to 30 mm in diameter. Table 1 shows the distributions of 81 HCCs according to confidence levels of MDCT and MRI for HCC detection. For the gadoxetic acid set, the Az values for individual reviewing were 0.975 for observer 1 and 0.964 for observer 2. For the consensus reading of the 2 observers, the Az value of the gadoxetic acid set (Az, 0.963) was slightly higher than the Az value of the MDCT (Az, 0.930), but no statistically significant difference of the Az values between both image sets was reached (P = 0.410). Among the 81 HCCs, the gadoxetic acid set allowed for the depiction of 74 lesions (sensitivity, 91.4%; 95% CI, 83.0-96.4%) as discerned by observer 1 and 72 lesions (sensitivity, 88.9%; 95% CI, 79.9Y94.8%) as discerned by observer 2. The MDCT allowed for the depiction of 58 lesions (sensitivity, 71.6%; 95% CI, 
60.5Y81.1%).
Thus, the sensitivity of the gadoxetic acid set for a consensus reading (sensitivity, 91.4%; 95% CI, 83.0Y96.4%) was significantly higher than that of the MDCT (P = 0.0001; Fig. 1 ). There were 3 HCCs (0.8, 1.0, and 1.2 cm) that could not be verified with both MRI and MDCT. During the retrospective review of these lesions, 2 lesions were seen as enhancing hyperintense nodules during the arterial phase imaging of MDCT and MRI but were occult at other images including portal and equilibrium phase imaging, as well as hepatocyte phase MRI. The remaining 1 lesion (1.2 cm) was clearly depicted as hypointense only at 10-and 20-minute hepatocyte phases of gadoxetic acidYenhanced MRI, which proved to be a welldifferentiated HCC (Fig. 2 ). There were 20 lesions (0.3Y1.5 cm) in 17 patients that were not detected on the MDCT but were clearly revealed on the gadoxetic acid set with a confidence rating of 3 or 4. Of these 20 lesions, 2 lesions were not depicted at all on 3-phase MDCT and were thereby rated with a confidence level of 0. Eighteen of the lesions showed only arterial hypervascularization with no definitive delayed capsular rim or washout at MDCT (confidence level, 1 or 2), but most of them showed definitive washout on 3-minute late phase MRI (n = 9) and/or hypointensity at 10-and 20-minute hepatocyte phase MRIs (n = 12; Fig. 1 ). There was no lesion that was detected only on the portal and/or 3-minute late phase images of gadoxetic acidYenhanced MRI but not on the 10-and 20-minute hepatocyte phase images. There was no difference in liver lesion detectability between the 10-minute hepatocyte phase MRI and the 20-minute hepatocyte phase MRI. To the contrary, there were 4 lesions that were detected only on the MDCT but were not verifiable on the gadoxetic acid set (Fig. 3 ). They were shown as hypervascular nodules on gadoxetic acidYenhanced arterial phase imaging but were not depicted or showed isointensity on 3-minute late phase or hepatocyte phase imaging and on T2WI (confidence rating of 1 or 2). Two of them proved to be grades I and II according to Edmondson's classification of HCC. However, there was no HCC that was assigned a confidence rating of 0 with MRI but was detected on the MDCT. For both image sets, there were no false-positive findings with a confidence rating of 3 or 4. However, there were 3 hypointense nodules (0.6Y0.8 cm) that were shown only with the hepatocyte phase imaging of gadoxetic acidYenhanced MRI, which were assigned a confidence rating of 1 (Fig. 4) . These nodules proved to be cirrhosis-related benign nodules (regenerative or dysplastic nodules) because no evidence of HCC was seen using other imaging modalities at follow-up or in the biopsy specimen.
The J value for the 2 observers was 0.816 for the gadoxetic acid set, indicating good interobserver agreement on the presence of lesions.
DISCUSSION
Considering the high potency of gadoxetic acidYenhanced hepatocyte phase imaging in the detection of liver malignancy, we hypothesized that gadoxetic acidYenhanced MRI would be more sensitive than MDCT in detecting HCC by increasing the delineation of HCC on the hepatocyte phase imaging. However, although many clinical trials have shown that gadoxetic acid offers hemodynamic information for lesion characterization during early vascular-interstitial distribution comparable to the conventional gadolinium chelates, 10,11 a major concern in using gadoxetic acid for HCC workup is if the ability of gadoxetic acid to show arterial hypervascularization of HCC is comparable to other ECS agents, especially in detecting small HCC. This is because commercially available gadoxetic acid dose at present is less than half of that of other conventional gadolinium-based ECS agents.
10Y12 Therefore, through this study, we wanted to evaluate the diagnostic capability of gadoxetic acid in detecting HCC by comparing MDCT in its ability to show the arterial hypervascularization of HCC during the arterial phase and to delineate washout of HCC or the additional delineation of HCC with hepatocyte phase MRI.
When our study cases were retrospectively reviewed, there were no cases of HCC that were seen only as a hypervascular nodule on the MDCT but showed no hypervascularization on the gadoxetic acidYenhanced arterial phase imaging. On the contrary, there were 2 lesions that were seen as typical hypervascular HCCs on the gadoxetic acidYenhanced MRI but were not depicted on 3-phase MDCT. Given that the mean delay time after the administration of contrast media for the arterial phase of MDCT in our study did not differ from the ideal timing reported although the gadoxetic acid dose is lower than other conventional gadolinium-based agents. Therefore, given that MDCT has shown comparable capabilities for detecting HCC to gadolinium-based MRI, 27, 28 our study result could indicate that the ability of gadoxetic acid to delineate arterial hypervascularization of HCC is comparable to other ECS MR contrast agents.
This study revealed that in alternative free response ROC analysis, there was a trend toward increased diagnostic accuracy (Az) with gadoxetic acidYenhanced MRI (Az, 0.963) than with MDCT (Az, 0.930), but a statistically significant difference was not reached (P = 0.41). However, the sensitivity for detecting HCC with gadoxetic acidYenhanced MRI was significantly higher than that with MDCT (P = 0.0001). There were 12 lesions that showed only arterial hypervascularization with no definitive delayed peripheral rim and washout on MDCT but showed arterial hypervascularization and washout on a 3-minute late phase MRI and/or hypointensity at a 10-and 20-minute hepatocyte phase MRIs. Thus, the main contributing factor for higher sensitivity of gadoxetic acid MRI than MDCT in this study could be the difference in the ability of 2 imaging modalities to delineate the washout of hypervascular HCC. This means that gadoxetic acid MRI is superior to MDCT in accurately characterizing nodular enhancements detected on arterial phase imaging. The sensitivity of MDCT in this study was relatively lower in comparison to other study results.
27Y29
This might be attributed to the fact that most study cases consisted of small nodular HCCs that are less than 2 cm; because small HCCs tend to manifest only as an arterially enhanced lesion on dynamic CT, this does not fit the definitive diagnostic criteria for HCC.
5Y9 Furthermore, to avoid introducing bias during an individual reviewing session, we made a strict guideline for confidence levels beforehand, so most of the lesions that were depicted only at arterial phase imaging as hyperintense were considered Bnot HCC (rating scale 1),[ regardless of the subjective decision of each reviewer.
In the contrary, there were 4 lesions that showed arterial hypervascularization and rapid washout or delayed capsular rim on the MDCT but were not verifiable on the gadoxetic acid set. On gadoxetic acidYenhanced 3-minute late or 10-and 20-minute hepatocyte phase imagings, they were seen as isointense because of the uptake of contrast media, which may be more frequent in cases of a well-differentiated HCC. 11 This could be one shortcoming of using gadoxetic acid in an HCC workup because, as for the isointense or hyperintense nodules at hepatocyte phase imaging that are resulted from their contrast uptake, there has been no exact guideline for differentiating between HCC and cirrhosis-related benign nodules, except when they show T2 hyperintensity.
We found 4 hypointense nodules that were depicted only at gadoxetic acidYenhanced hepatocyte phase imaging as rating score 1. Three of them were considered to be cirrhosis-related benign nodules because they showed no evidence of malignancy by other imaging modalities or other MR sequence and biopsy specimens. In our clinical experiences, we have frequently encountered small hypointense nodules that are depicted only by gadoxetic acidYenhanced hepatocyte phase imaging. If they do not accompany arterial hypervascularization or T2 hyperintensity, they could not be regarded as definitive HCCs. However, the one remaining nodule that was depicted only by hepatocyte phase MRI proved to be well-differentiated HCC (Fig. 2) . Therefore, the delineation of these lesions only by gadoxetic acidYenhanced hepatocyte phase image alone could have a positive or negative impact on the treatment plan. However, given that the HCC risk group generally has periodic screenings, early recognition of these risky hepatic nodules with malignant potential could lead to the early detection of HCC by encouraging patients with these hepatic nodules to undergo a more careful follow-up. For a clear definition and classification of these nodular lesions, further evaluation of a large number of pathologically proven cases will be warranted.
Several limitations of this study should be noted. First, not all of the lesions were confirmed surgically, which may have resulted in some degree of overestimation of the actual sensitivity of both image modalities by reducing the number of false-negative lesions. The objective of our study, however, was not to determine the absolute diagnostic accuracy and sensitivity of liver imaging modalities about detection but to compare the diagnostic accuracy and sensitivity between the 2 different imaging modalities. We assume that the most precise determination of the total number of lesions is possible only through liver transplantation and matched-pair analysis performed to verify that the lesions detected on MRI correspond to the lesions in the resected liver specimen. However, even though we had pathologic specimens for all lesions detected by MRI, controversy still exists based on the pathologic diagnosis when differentiating equivocal lesions, such as hypointense nodules detected only by hepatocyte phase MRI, as being dysplastic nodules or well-differentiated HCCs. Second, the Az values and sensitivity of MDCT and MRI were acquired based on the consensus between 2 observers to avoid introducing individual bias into the statistical results because the signal intensities of HCCs and cirrhosis-related benign nodules on gadoxetic acidYenhanced hepatocyte phase imaging have not yet been determined. Through this approach, we could determine the differential imaging features of HCC between 3 phasic MDCT and gadoxetic acidYenhanced MRI. Furthermore, although we used an alternative-free response ROC analysis for lesion detection, as for the inherent methodological limitations, an assessment regarding lesion characterization was inevitably taken into account during the image analysis for lesion detection. Third, because we did not include compartmental modeling of the contrast agent pharmacokinetics and the key kinetic partition coefficients were undetermined, we could not exactly establish the start of the hepatocyte phase and optimal timing for the equilibrium phase of gadoxetic acidYenhanced MRI. Therefore, we could not determine whether the hypointensity of HCC on the 3-minute late phase image resulted from the washout of HCC or the pure efficacy of hepatocyte phase imaging to delineate hepatic malignancy.
In conclusion, for the detection of HCCs, the gadoxetic acidYenhanced 3-dimensional liver MRI showed better sensitivity than the MDCT by means of increasing the delineation of hypointensity of HCC at 3-minute late phase and hepatocyte phase imagings.
